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SECTION 1

INTRODUCT | ON

1.1 HANDBOOK SCOPE

The scope of the EMP Data Handbook is threefold, designed to:

(1) Present a practical guide to the planning, design, and

operation of the EMP test data system.

(2) Present a tutorial and practical guide to the use of
commonly used EMP test data reduction tools and

techniques.

(3) 1llustrate the importance of the test data management
and reduction functions as the interface between the

test system (simulator) and the data analyst.

The Handbook uses the Advanced Research EMP Simulator (ARES)“ data

management and processing system as a model fcr most of the subject matter

covered. However, many subject areas are generalized to broaden the

applicability of the Handbook.

This introduction is the first of three sections of the Handbook. The

remainder of the introductory section covers general aspects of data

*
ARES is located at Kirtland AFB, New Mexico and is under the management
of the Defense Nuclear Agency (DNA),
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mananement and processing systems which are important to their design and

operation., These include:

(1) Relationship of the data system to the overall test

program, an overview,

(2)  Factors which must be considered in planning for a

data system and the importance of these factors.

(3) The influence of data juality on the successful
performance of the management and processing

functions.
The final topic in Section 1 is a glossary of terms used in the Handbook.

Sections 2 and 3 present a detailed discussion of the subjects of the
data system and data processing respectively. (In presenting the various
subjects of Sections 2 and 3, a familiarity with certain topics is assumed
on the part of the reader. References are liberally used throughout these

two sections to assist the user in gaining this familiarity, if necessary.)

1.2, RELATIONSH!P OF THE DATA SYSTEM TO THE OVERALL EMP TEST PROGRAM,
AN OVERVIEW

Most EMP test programs can be broken down into three main functions:

(1) Generation of test data.

(2) Management and processing of test data.

(3) Analysis of test data.

10
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The generation of test data is the responsibility of the test system,
including the simulator and associated personnel. Such generation

executes the EMP test plan and records the various tested system responses.
(These response recordings are most often Polaroid oscillographs; here
called raw test data.) The test system is also responsible for maintaining
the simulator operation including test volume field mapping, test sensor
calibration and recording instrumentation calibration. Each of these
activities also results in data (again Polaroid 6scillographs) which will

be termed simulator calibration data.

1.2.1 Data Analysis Function

The data analysis function, using test data, includes all
activities associated with the vulnerability assessment of the tested
system, This assessment normally takes place throughout the test program
and requires the use of test data in various forms ranging from raw test
data to transfer function estimates of various tested system components
or subsystems. Data assessment most often begins with the characteriza-

tion of raw test data. |In this process, gross tested system response
characteristics are measured from the test response photographs, such as

peak-to-peak response currents and predominant frequencies.

It seems fairly evident that most EMP test programs result in a
large volume of test data and this volume of test data is further expanded
through the requests of the data analysts that the raw test data be
converted into forms better suited for assessment purposes. This
conversion process is typically termed ''data processing.' Note that the
term ""data reduction' is sometimes used for this function. Data process-
ing, however, is a more encompassing term and will be used throughout the
Handbook.

11
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1.2.2 Data System

The function which Is responsible for handling and processing

this large volume of data Is typically called the data system or data mill.

It has two main responsibilities:
(1) Management of the test data.
(2) Processing of test data.

Then, in effect, the data system acts as an interface between the test
system and the data analyst, and as a service organization to both. This
relationship is shown in its simplest form in Figure l=1. |In Figure I-1
it is shown that the data management function really provides the inter-
faces while the data processing function is an internal function within
the data system and interfaces to the "outside world' only through the

data management function.

1.2.3 Data Management

Data management is perhaps a new term to use for this data
system function but it is the one that most accurately describes it. The
sheer voiume of raw test data involved, the processing of data required
before the data analyst can use it, and timeliness with which this
processing must take place, require a system which can ''manage data."

The essential parts of data management are:

(1) The control of data in process in the data. system.

(2) Maintenance of the total EMP test data bank.

(3) Quality control.

12
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Control is considered an essential part in the sense that large quantities

and various types of data are in process within the data system at any
one time. Because of scheduling requirements or priorities set by users
(the test system and/or data analysts), a considerable amount of control

must be used with the data system to assure best results.

Data are the most obvious product of the EMP test program, and
they must be in an easily accessible and usable form to be of maximum use
to the overall program. This requires a comprehensive data bank into
which data can be easily and efficiently entered (in all its various

forms) and from which it can be retrieved easily as required.

Finally, because both the test system and the data analysts need
the data system for all data handling and processing, the data system
must include a working quality system. This must be done both in the
sense of controlling the data that are input to the system, and also in

continued control as the data are processed,

1.2,4 Data Reduction

The second major function of the data system, data processing is
shown in Figure 1-1 as off-line from the main flow path through the system.
It is depicted this way because data processing is normally performed on
only a limited amount of the total test data set generated. The main

data processing services performed in the data system include:

|
§
j
i
i
;
f

(1) Digiti-ation
(2) cCharacterization

(3) Data Conversions (Fourier transforms, transfer function

estimation, etc.)

14




LT ——

D SRR e

ey

Note that it is common for characterization to be performed on all test data
generated. Also, in the case of ARES, the characterization process is
carried out in the test system rather than the data system and only the
resulting data are entered into the data system for storage in the data bank.
The reason behind this arrangement is that characterization should be carried
out by the persons responsible for planning the tests and assessing test
results., There is, however, no reason why the characterization process cannot
be done within the data system if operation personnel are properly trained.
(For example, this is the case on the B-52 vulnerability assessment

program being carried out at the Kirtland AFB Vertically Polarized

Dipole (VPD) as part of the Aeronautical System Vulnerability assessment

program.)

in any event, data processing of all types can be looked upon
as a function performed on request from either the test system or data

analysts,

1.3 PLANNING AND ITS IMPORTANCE

The total task of putting a data system into operation can be broken

down into four basic subtasks:

e Plaining

L Design

L Implementation
o Operation

The success of the design, implementation, and operation subtasks is
directly proportional to proper planning. Therefore, the importance of

planning cannot be over-emphasized as the first step In the total process.

15
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This is as true for the planned revamping of an existing data system in
preparation for a new test program, as it is for initial data system

design.

Before discussing how a planning exercise should be carried out and
the factors which must be considered during the exercise, it will be
helpful to outline some of the problems that poor planning can cause.

Major problems include:

(1)  System hardware not available at the beginning of
the test program. Possible causes: long lead time
hardware items not identified and not ordered as

soon as possible.

(2) System inability to handle data load. Possible causes:
improperly predicted load, improperly sized staff,
inadequately trained staff, or improperly designed

instrumentation system.

(3) System inability to meet user requested turnaround time.
Possible causes: improperly sized staff, Improper
evaluation of instrumentation capabilities, or improperly

designed operational procedures.

(k)  Generation of poor quality data. Possible causes: poorly
designed quality control procedures, poor input data
quality from the test system, improperly trained staff,
or improperly designed hardware system.

(5) Poor quality of processed data output. Possible causes:

lack of understanding in the use of data processing

techniques, or poor input data quality.

16




(6) Inflexibility in performing data reduction functions.
Possible causes: improperly designed computational

hardware and software.

The foregoing list covers problems that occur both in attempting to
bring a data system ''on the air' and in its day-to-day operation. It is
understood that any new or modified system of this type must be '‘debugged"
when it is put into operation; therefore, smooth operation cannot be
expected immediately. However, if the first six months of a one-year
test program are spent debugging the data system, then the remaining six

months are often spent playing '‘catch-up' and the data system can become

the nemesis of the test program.

1.3.1 Who Must Be Involved in Planning and Why

There are several persons associated with the overall EMP test
program who must become involved in the data system planning exercise.
The following list represents those persons who were involved in the ARES
planning exercise. Other test programs may be organized in a different
manner. However, this list indicates the management level and

responsibilities which should be represented.

1.3.1.1 The Test Director

The Test Director has the complete picture of how the

intended test program is to be conducted, its schedule, and how the test
schedule affects the scheduling requirements of all components of the test
program, including the data system. He is in the best position to determine
the general objectives and requirements for the data system.

17



1.3.1.2 The Facility Director

The Facility Director is responsible for the day-to-day
operation of the test facility. He is, therefore, responsible for facility
security requirements, regulations, and other applicable procedures. He
is also responsible for coordinating any construction or installations

which must take place.

1.3.1.3 The Data System Supervisor

The Data System Supervisor is responsible for the design,
implementation, and operation of the data system. His role in the planning

exercise is, therefore, obvious.

1.3.1.4 The Data Coordinator

The Data Coordinator is responsible to act as the inter-
face between the various interested contractors and the data system. He is,
therefore, responsible for understanding the contractor's requirements which

affect the data system and for putting these requirements into the planning
process.

1.3.1.5 Air Force Representatives

There are a number of Air Force representatives who may
become involved in various areas of planning. These include procurement of
advice on procuring GFE, base computational facilities representative to
advise on the use of site computer facilities, and instrumentation personnel
familiar with equipment to be used in the data system, (e.g., mini-computers,
microfilm equipment, and digitizers).

18
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These individuals should coordinate through a series of
meetings to establish the requirements for the data system. The planning
areas which must be discussed in these meetings are covered in the next

subsection.

1.3.2 Planning Areas

The areas which are important to the design, implementation,
and operation of the data system are covered below. A flow diagram is
provided (Figure 1-2) to illustrate how the various areas interrelate

and the order in which they must be considered in the planning exercise.

1.3.2.1 System Input/Output (1/0) Requirements

System ./Q requirements begin with which data mediums
will flow into the data syctem and which mediums will be required from the

system.

In the case of ARES, there are two primary input mediums,
the Polaroid photographs (raw data) and the characterization parameters
derived from each photograph. These input data, of course, come from the
test system. The data output mediums, in the case of ARES, include computer
listings or printouts, plots, punch cards, and digital magnetic tape. These
outputs are generated when dictated by the data processing requirements set
by data analysts working with the test program. However, test engineers can
also dictate output requirements, based on their needs for the processing of

simulator calibration data.

19
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1.3.2.2 System 1/0 Lcad Level and Turnaround Requirements

The overall test schedule for the EMP test will specify
the timing for each test to be run, the number of test shots to be fired,
and the number of photographs generated per shot. This information can be
used to determine both the average and peak raw test data flow rates into
the data system. [t may also be important in planning for an increased

data system staff for known work load peaks.

Turnaround time required for processing data through the
data system is a function of how the processed data are to be used in test
planning. For example, it may be deemed necessary to have Fourier trans-
forms or transfer function estimates back from the data system within a
turnaround time of one to three hours after test photographs are submitted
to the data system. As another example, it may be satisfactory for charac-
terization data to be entered into the data bank with turnaround time as

much as 24 to 72 hours after submission to the data system.

Output load requirements can be assumed to be much lower
than input load requirements. This is because most of the test data flow
into the data system and are stored in the data bank. The data that flow

out are in reduced form and are a small fraction of the total data quantity.

1.3.2.3 System Processing Requirements

There are several basic processing capabilities which a

data system can be expected to do. These fall into three basic categories:
(1) ent:y of data into the data bank, (2) retrieval of data from the data
bank, and (3) performing various processing functions. The processing
method used is dependent on the ‘orm in which the data enter the data
system, the forms in which the d:ta are stored in the data bank, the forms |

in which data are displayed upon retrieval from the data bank, and the
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types of data processing required. For example, most input data are in the
form of Polaroid photographs, but may be most conveniently stored in the
data bank on microfilm. Therefore, microfilm processing would be required.
Churacterization data may be put into the data bank in the form of written
or typed lists of parameters, but would be stored in the data bank on
digital magnetic tape. Therefore, a means of processing new characteriza-
tion data for storage on tape would be required. As one final example, the
generation of a Fourier transform from a photographic time waveform would
require several processing steps. The first processing step would normally
be digitization of the oscillograph trace. However, it may be desirable to
enlarge the waveform by microfilm enlargement in order to achieve better
resolution in the digitizing process. After digitization, the data must be
processed through a digital computer to generate the Fourier transform and
display the results in graphic format. The intermediate steps in the pro-

cessing are dependent on the specific on-site data processing capabilities.

1.3.2.4 System Equipment Requirements

Once requirements (1) through (3) are established,
equipment to perform the various processing requirements car be specified
and procured. Since certain types of processing will require several
pieces of equipment, the equipment must be selected for interface compati-
bility where necessary. For example, it may be desirable to feed the
output of a digitizer onto digital magnetic tape which can be transferred
directly to a digital computer for further processing. Thus, an interface
system must be used between the digitizer and tape drive which can accept
digitizer output format, convert to a computer compatible format, and
write data onto tape in the computer compatible format. Such an interface

system may be a mini-computer (which is the case at ARES).
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There are three main data processing subsystems:
(1) The microfilm processing subsystem.

(2) The digitizer subsystem.

(3) The computer subsystem.

The microfilm subsystem will normally include both
recording and reader/printer capability. It must be selected for ease of
use and quality of end product. For example, if microfilm is used to
produce photographic enlargements for digitizing and an enlargement is of

low quality, then the digitization results will suffer,

The digitizer subsystem must be able to handle the
speci fied data load at the specified level of accuracy and resolution.
Ther=s are many digitizer alternatives to choose from, ranging from completely
manual to completely automatic systems. Each has advantages and disadvan-

tages, and a trade-off analysis is required in order to make a proper

selection.

The required computer subsystem is dependent on such
factors as what computer facilities are remotel accessible from the data
system, what turnaround time can be expected from remote facilities, and
what types of data processing and instrumentation control must be performed
on-site. As an example, the ARES data system has a NOVA 1200 mini-computer
which is used to control a digitizer and to process characterization data for
recording on digital magnetic tape. It is not used to run data processing
algorithms such as Fourier transforms because of its limited configuration
(however, it could be so used with proper hardware expansion). Therefore, all
software codes used in data processing are run on the Kirtland AFB CDC 6600

computer system which is accessible through a remote job entry terminal
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located within the data system. Factors which must be considered in
selecting a data system computational capability include availablility of
of f~site computers, software processing requirements (core memory, bulk
storage, plotting, etc.), turnaround time, interfaces with other process-

ing equipment, and cost.

One factor which is paramount in the processing equipment
planning is the ordering of long lead time items as early as possible.
The lead time between ordering and dellvery for most equipment of the

types discussed above is 60 to 120 days.

1.4 SYSTEM SOFTWARE REQUIREMENTS

There are several computer software programs used in a data system
depending on the data processing requirements. The following is & repre-
sentative 1ist of the software developed at ARES to support the data

system:

(1) NOVA 1200 program to control the digitizer, format the
digitizer output, and record on digital magnetic
tape.

(2) NOVA 1200 program to accept characterization data via
teletype, format it, and record on digital magnetic
tape.

(3) cDC 6600 progr:..: to update the master characterization
data tape from daily characterization tapes.

(4) cDC 6600 program to sort characterization data based on
characterization parameter specification. Master
characterization data tape used as the input data base.
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(5) CDC 6500 program to generate Fourier transforms using

linear Fourier transform algorithm,

(6) CDC 6600 program to generate Fourier transforms using

Fast Fourier Transform algorithm.

It is evident that the software requirements can be considerable and
require understanding in a number of software disciplines. For example,
writing the software to control the digitizer required understanding the
use of software drivers for peripheral hardware systems. Developing
sort software required understanding of large machine sort/merge codes
and, in addition, a complete understanding of user requirements so that
output data are displayed in the most usable format. Development of
Fourier transform codes required understanding of the various limitations

of computer implemented Fourier analysis techniques.

Development and debugging of the necessary software must also be
considered a long lead time item, taking anywhere from one to three

months for a new data system.

1.5 SYSTEM OPERATIONAL PROCEDURES

In order for data to move smoothly through the data system and to
maintain a consistently high level of quality control, a comprehensive
set of operating procedures must be developed. These procedures must

include the methodology for:

(1)  Entering data into the data system (including who
interfaces with whom, what additional information
must accompany the raw data, how it is logged into

the system, and initial quality control inspection).
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(2)

(3)

(4)

(5)

1.6 SYSTEM FACILITY REQUIREMENTS

Entering data into the data bank (including indexing
items of data, microfilming, storage, and quality

control).

Retrieving data from the data bank (including request
forms specifying data needed and any additional pro-

cessing required, copying, and quality control).

Carrying out data processing requests (including request
forms specifying processing required, equipment operating
procedures, software usage procedures, classification
level of data, and output format procedures).

Classified data control (including processing classified
data on computer facilities, storage of classified data,

and coding schemes for declassification of data).

It is most convenient to house tne complete data system in a single

building.

stations)

maintained batween each processing step. In the case of ARES!, this has
been done !n a single 12- by 65-foot trailer. In planning a facility,
these are the factors which must be considered:

(1)

(2)

Ao b T

This allows the processing system (equipment and personnel
to be laid out in such a fashion that smooth coordination can be

Floor space sufficient to house all data processing equip-

ment, supporting equipment, and operating personnel stations.

Supporting equipment such as gereral office equipment
(desks, tables, chairs, typewriters, duplicating
machines, etc.).
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(4)

(5)

(6)

(7)

(8)

Data storage equipment such as file cabinets for Hollerith
cards, microfilm reels, digital magnetic tape, notebooks,

etc.
Classified containers.

Heat and air-conditioning (& driving factor in air-condi-

tioning is the instrumentaticn BTU output).

Plumbing including lab facilities for microfilm work,

toilet facilities, and drinking fountains.

Electrical: Sufficient service must be planned to meet
instrumentation and equipment needs, and electrical
outlet layout so that service is convenient to all
instrumentation and equipment stations. Proper grounding

must also be considered.

Shielding and Decoupling: |If the data facility is located
close to the EMP simulator, significant field levels will
occur inside the facility. Also, impulse noise can feed
through on electrical powerlines. These types of noise,
which can cause equipment malfunctions, have been experienced
at ARES and resulted in interruptions in the operation of
various data processing systems. The noise an: EMP radiation
problems were reduced significantly by properly filtering
powerlines and by electrically shielding the data facility.
This is an extremely important problem and it may prove
impossible to use certain equipment close to an EMP simu-
lator. EMP field levels should be monitored before a data

facility location is selected.
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1.7 SYSTEM OPERATING PERSONNEL

Personnel requirements can be broken down into job type and number.
The types are, of course, determined by the activities to be carried out
in the data system; the number is determined by both activities and
overall expected processing load. Here is a list of the normal type of

personnel and their capabilities associated with a data system:

(1) Data System Supervisor: must have full knowledge

(2)

(3)

(4)

(5)

(6)

of all activities associated with EMP data management
and data processing.

Data Librarian: must be able to design and maintain the

EMP data bank including all data storage and retrieval
methods.

Microfilm Operator: must be able to operate microfilm
recording, duplication and printing equipment. May

also be required to perform equipment maintenance.

Keypunch Operator.

Digitizer Operator: must be able to produce consistently
high quality digitizations within the l1imits of the raw
test data provided. Requires high level of patience, sharp
eyes, and good manual dexterity.

Computer Programmer: must understand computer and software
systems used. Preferably, has been responsible for the
development of procurement of all software.
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(7) Computer Operator: must be able to set up and execute
day-to-day software programs used in the data system.
This requires the use of on-site or off-site computer

facilities or both.

It is desirable to have a given individual do more than one of the
jobs outlined above. This is desirable from the standpoint that a number
of the jobs will not require one person's full time attention, and it is
desirable from the standpoint of cross training of people as backups to
assure that one key job is not dependent on one person. There are three
key positions of responsibility in the data system: the Supervisor, the
Data Librarian, and the Programmer. The Supervisor's responsibilities
are obvious, but it should be noted that it is useful for him to have
programming experience as backup in that position. The Librarian's
position is crucial because he or she should be the designer of the data
bank and responsible for data quality control. The Programmer position
is crucial because of the importance of software to overall data systen
operation. In addition, the Programmer should be the designer of the
software system. All other jobs car be done by data clerks who can be
cross trained in microfilming, digitizing, key punching, computer operation,

and general data handling or processing.

This philosophy worked efficiently in the ARES2 data system. As an

example of personnel level requirements, the ARES data system used a two

shift operation to process an input data load of approximately 300 Polaroid

et i e A A £ A B AP T

photographs per day plus accompanying characterization lists, and an output
1oad of approximately 25 digitizations per day as well as associated
computer processing of the resulting data. The first shift operation
consisted of a supervisor, a data librarian, and three data clerks; the

second shift, a supervisor, a programmer, and a data clerk.
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1.8 INFLUENCE OF DATA QUALITY ON DATA SYSTEM FUNCTIONS

This subsection is provided to alert the reader to possible problems
which can arise if consistent data quality standards are not
ectablished. These standards must be designed for data flowing into the
system, being processed within the system, and flowing out of the system.
The burden of meeting and maintaining input data standards, for the most
part, falls on the test system where the data are generated and initially
recorded. Meeting standards for processing within the data system as
well as for data output from the data system is the responsibility of the
data system itself. However, the responsibility for setting the standards,
to a large extent, rests with the users, the test system, and data

analysts, with the approval of the test conductor.

1.8.1 {input Data Quality

Input data quality must be maintained in two areas; the quality
of the raw test data and the quality of supporting data which accompany the
raw test data. Assuming raw test data to be Polaroid photographs, the
quality of these data can be maintained only through proper maintenance and
use of recording instrumentation. Technlicians must be trained to operate
an oscilloscope for the 'best'' recording conditions in terms of oscilloscope
focusing, scope intensity, amplitude dynamic range, sweep speed, and graticule

lighting. Poor quality photographs degrade any data processing using the
photographs.

Supporting data which accompany the photographs include test
conditions, such as oscilloscope settings, plus any peculliar test
conditions which may affect the photographs. These data are usually
recorded on the back of the photographs and/or forms designed for this
purpose. Consistency in recording these data must be maintained, other-

wise, there will be interpretation problems hy the data personnel.
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1.8.2 Internal and Output Data Quality

The data system must create and maintain high standards of data
quality throughout its operation. |If input data quality meets the standards,
there Is no reason or excuse for output data quality to fall below established
standards. This can be assured through a well planned quality control system

with check points at all key points in the processing cycle.

Setting up and maintaining these standards is often easier said
than done because vague measures of quality must be used in some cases. Two
good examples of this are in the microfilm copying of Polaroid photographs
and the digitization process. Both processes require operator judgment as
to whether the best end product is being generated. This requires an exten-
sive program for training operator personnel for their full appreciation of
the variables Involved.

Data users must get involved in the procedures for processing
data under certain conditions. For example, how a photograph should be
digitized when the waveform is blurred or truncated. The users must have
a full appreciation of the effects of such photograph quality on data pro-
cessing results (e.g., a Fourier transform or transfer function estimate).
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1.9 GLOSSARY OF TERMS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Data System - Service organization responsible for the processing

and control of all test data generated on an EMP test program.

Data Management Function = First of the two major data system
functions., Responsible for the control and maintenance of the
EMP test data bank. Controls data being processed by Data
System.

Data Processing Function - Second of the two major data system
functions. Responsible for providing data processing services

to meet user needs.

Test System - Organization conducting test and providing raw

data to Data System.

Data Analysts - Any persons associated with the EMP test

program who use test data for vulnerability assessment.
Characterization - The process of measuring and recording
gross test waveform characteristics such as peak~to-peak

current, and primary and secondary frequency components.

Digitization - The process of converting an analog signal or

waveform into an ordered set of digital X-Y pairs.
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SECTION 2

THE DATA SYSTEM AND DATA MANAGEMENT

2.1 INTRODUCTION

EMP test programs typically generate large quantities of test data
which are used during and following the test program for the vuinerability
assessment of the system tested. There is a definite requirement to orga-
nize the test data so that they are readily accessible during the vulner-
ability assessment and, in many instances, to process the data into forms
more u<seful to the assessment than in their raw form. The system respon-
sible for these control and processing requirements is the Data System or,

as it is often called, "the Data Mill."
In Section 1, the test program was broken into three elements:
(1) The test system which generates the test data.
(2) The data system which controls and processes the data.

(3) The data analysts who use the data in vulnerability assessment.

In addition, the relationship between these three elements was shown
in Figure I-1 as the data system performing the interface between the test
system and the data analysts. This concept can be expanded by defining
the data system as a service organization designed to satisfy the data
requirements of both the test system and the data analysts. As such a
service organization, the data system accepts newly generated test data
from the test system and processes it inio the EMP test data bank (perma-
nent storage) and processes data out of the data bank for use by the data
analysts. This concept is modified only slightly to include the possi-
bility of data being processed out of the data bank for use by the test

system (e.g., simulator calibration data).
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A second way of viewing the data system is on a functional basis; as

performing two basic functions:
(1) Data Management
(2) Data Processing

The concept of data ‘nanagement, then, is almost synonymous with the term
data system. It can be said that all data flowing into or out of the data
system are controlled by the data management function, whereas only limited
quantities of the incoming or outgoing data are processed by the data pro-
cessing function. (The subordinate role of the data reduction function is
also illustrated in Figure 1-1.) This relationship can be stated in
another way by saying that all control of tést data within the Data System
and most of the data processing requirements are the responsibility of data
management whereas only a limited number of the data processing requirements

are the responsibllity of the data processing function.

in the remainder of this section it will be shown how a data system
is organized and how it operates from the functional standpoint. This
will be done by presenting a simple model of the data system which will be
built upon in the course of discussion. The elements of the model are g
either data control (management) or data processing in nature. Each of
these elements will be discussed in terms of how it functions individually

and how it fits into the data system.

|
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2.2 THE GENERAL DATA SYSTEM MODEL

2.2.1 \Users - The External Environment

The generalized model shown in Figure 2-1 will be used in

describing the various data system control and processing elements, and

their interrelationships. It will be noted first that the external environ-

ment is shown as the data system '‘user' who either submits data to the
system for processing or retrieves processed data from the system. |In

either case, these actions are started by a forual request to the system,

2.2.2 Interface

The interface between the external environment and internal
environment requires that there must be formal procedures for starting
processing action within the data system. As will be shown in later dis-
cussions, the formality of the interface itself assures that data flowing
into or out of the system are properly quality controlled and recorded in

permanent logs. This action insures:

(1) The quality of the data flowing into the data
system, placing the responsibility for this

quality on the submitter (Test System).

(2) The quality of all data flowing out of the
data system, placing the responsibility for
this quality on both the user and the data
system. Responsibility is placed on the user
from the standpoint of the completeness of his
request for processing action and on the data
system for the quality of the processed data
passed to the user. The user must be aware of
the capabilities and limitations of the data
processing system and must fit his requests

within these.
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In addition, the Interface acts as a buffer zone where special
problems can be resolved (such as turnaround time requirements, changes in
projected test schedules, or requests for special processing action, and

changes to reduction procedures or programs).

It should be noted that the control action of data processing

which takes place at the interface is a major data management subfunction.

2.2.3 The Internal Environment

Inside the data system, three types of action take place:
(1) processing data into the data bank, (2) processing data out of the
data bank, and (3) maintenance of the processing system (software and
hardware). In either case, the processing involved will takz on many
different forms depending on the medium of the input data, the medium in
which the data are stored, and the medium of the output data. [t should
be noted, in the case of processing data out of the data bank, that the
resuits of processing, besides being passed to the user, are often stored
in the data bank as a permanent record of this action. Thus, the processed

results are available to other users at future dates on an immediate basis.

In addition to the function of data processing, there is the
function of data control. The control function allows the data system
supervision to determine the status of any '"job' in process within the
system. Thus, the Supervisor can determine if schedules are being met
within his operation and, if need be, to repcrt the status of a given job

to the user.

2.3 DATA SYSTEM INPUTS AND OUTPUTS

Before discussing the details of how data are processed through the
system, how data are stored, and how control is exercised over the system,

details of system Inputs and outputs must be established. The types or
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mediums of system input/output (1/0) described are typical for a data

system supporting a pulse simulator such as ARES.

The concept of the ''request' as a formal way of initiating the storage
or retrieval of data from the data bank was introduced in the discussion
above and is shown schematically in Figure 2-1. It would seem logical to
address the request as the first topic under 1/0 because all 1/0 is
accompanied by a formal request. However, the description of the request
is more easily made with a knowledge of typical 1/0. Therefore, the

request will be covered last.

2.3.1 Typical Data System Inputs

The most typical data system input data for pulse simulators
are Polaroid photographs of waveforms. There are two categories of

such photographs:
L4 Test Response Photographs.
] Simulator Calibration Photographs.

2.3.1.1 Test Response Photographs

Test response photographs which make up the bulk of
the photographic data, are typically generated on a test/shot/channel basis.
That is, a test program is broken down into a number of individual tests,
during which a number of test shots are made where one shot is equivalent
to pulsing the test object one time. During each test shot, a number of
oscilloscope channels of test responses (transient waveforms) are recorded
on Polaroid photographs. In the case of recent ARES tests, there were 20
oscilloscopes (10 channels with two scopes per channel) for recording
response data and it was typical for as many as 20 test shots to be made
during a given test setup (specific sensor placement). The average number
of shots per day was between eight and 10. Thus, the number of response

photographs generated averaged between 160 and 200 per day.
38




Where a test ranged from five to 20 shots, the response
photographs were usually submitted to the data system as packages on a test
or multitest basis. Therefore, the number of response photographs in a
package of data submitted to the data system ranged from 200 to 1000. The
rate of input of response photographs to the data system is, of course,
peculiar to the test program being conducted and the EMP simulator system
used. However, the important factor that came out of the ARES experience
was that the rate of response photograph input to the data system did not
fluctuate much during the test program. There was a gradual build-up to

a broad peak level and then a fairly abrupt decrease as the program ended.

It is interesting to note at this point that individual
tests can be numbered sequentially. Thus, test, shot, and channel numbers
can conveniently be used as a natural identifier or index to identify test
photographs. This number sequence was written on the back of all ARES

photographs by the test system personnel.!

2.3.1.2 Calibration Photographs

There are two common types of calibration or simulator

checkout photographs generated for pulse simulators:
® Simulation Environment Photographs
® [nstrumentation Calibration Photographs

Ervironment photographs are generated on a continuing basis to assure that
the test volume environment is within specifications. In the case of ARES,
four recording channels (in addition to the 20 response channels) were
available for recording environmental data. An average of two such environ-
ment waveforms were photographed for each shot, bringing the average total
number of photographs generated during a test shot to 22. These environ-

ment photographs were packaged separately from the response photographs but
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were submitted to the data system simultaneously. As in the case of response
photographs, certain supporting information needs to be included with the
environment photographs to identify them and indicate the test and instru-
mentation conditions under which they are recorded. The identification
information is written on the back of the photographs. The identifier used
is normally the test/shot/channei number. Supporting test and instrumenta-
tion information is written on a form prepared for this purpose and is keyed
to the test/shot/channel number. In the case of ARES3, such forms were

called "run Sheets,' and were not attached to the photographs.

Instrumentation calibration photographs are taken
periodically to assure that the instrumentation system from the test sensor
through the recording oscilloscope camera is functioning properly. Thus,
the volume of such photographs is dependent on how often the test system
considers these tests necessary. Several categories of such tests were
run at ARES including:

®  Frequency Sweep to Check Instrumentation

Fr~quency Response

Noise Check
® Linearity Check
® (Calibration Pulse Check

These calibration tests are not generally tied to a
given test and shot, but are a specific test of a channel at a certaln time
and date. Thus, the test, shot, and channel identifier scheme will not
suffice. An appropriate identifier scheme to be written on the back of
each calibration photograph would include:
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e Channel Mumber

° Date

L Time

® Test Type (as listed above)

2.3.1.3 Characterization Parameter Lists

It is very common in pulse testing to make measure-
ments of key response waveform (photograph) parameters and to assemble
these along with other test parameters which identify the photographs and
the test conditions under which it was generated. This process is termed
characterization, and the listing of parameters is termed a character-

jzation data list or simply characterization data.

For ARESY the process of characterization was carried
out by the test system with the parameter lists passed to the data system
for processing into the data bank. This characterization process could,
however, be performed by the data system. The basic input data to the
characterization process are the response photograph plus the additional
supporting data which identify the test and test conditions. Thus, if the
characterization is done within the data system, these supporting data

would have to accompany the response photograph into the system.

The following parameter list is that used to character-
ize each response photograph at ARES during the MINUTEMAN 1i/111 test program.
Some of these parameters are self explanatory; others are not and may be
peculiar to the particular test for which the list was designed. Therefore,

no explanation will be given for any of the parameters. Those parameters
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measured from the response photograph are indiccted with an asterisk. The
remaining parameters are test and test condition identifiers which would
have to be supplied by the test system if the characterization process took
place in the data system. Note the inclusion of test, shot, and channel
numbers in the list.

L Test Series (MINUTEMAN 1l or I111)

o Test Number

L4 Shot Number

L4 Date of Test

o Test Configuration Number

o Environment Level

5 o *
L4 Risetime of Pulse

° Channel Number

o Sweep Speed

L Location Number of Sensor
L4 Location |.D. Number
o Probe Impedance

. . * ] *
® + Calibration Divisions

b2
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*
o + Signal Divisions
. . . . . *
o - Calibration Divisions
[ . . . *
e - Signal Divisions

(3 * . *
® Verification Number

*
] Primary Frequency

L Secondary Frequency"r
° Loop

L Plume/Chaff

L Active/Detector

o Braid/No Braid

L Close/Open/Base

o Closure/Opening

2.3.2 Typical Data System Outputs

include:

Typical data system outputs which are requested by the user

(1) Copies of Polaroid photographs.

(2) Digitizations of Polaroid photographs.
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(3) Computer reduction of digitized data.
(4) Sorts of characterization data sets.

2.3.2.1 Photograph Copies

There are two common methods for passing copies of photographs
back to the user. Both assume that the photograph data are stored in the
data bank on microfilm. The first method is copies of the microfilm itself.
For example, complete microfilm copies of all photographs generated on the
MINUTEMAN 11/111 test program at ARES were made for several interested con-
tractors on the program. The second method of photograph copies are hard
copy prints (8-1/2 x 11 inches) made from the microfilm. Microfilm

printers are available for this purpose.

2.3.2.2 Digitization Data

Digitization is the process of converting analog graphical
waveform data into numerical data for computer Input. Digitization of
photographic data is often done as an intermediate step for further data
reduction done internal to the data system. However, the data analyst is
often interested in performing his own computer analysis with digitized wave-
forms used as input data. The medium in which the digitized data set is
passed back to the user depends on the digitizing system used in the data
system. Punched cards or digital magnetic tape are common mediums
compatible with most computer systems. Both of these mediums are available
from the ARES Data System.

2.3.2.3 Computer Reduction Output

It is typical for a data system to have a-computer software

package5 for performing various data processing functions on digitized data.
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Examples are Fourier transform generation, waveform integration, transfer
function estimation, and waveform unfolding (removal of instrumentation

transfer characteristics). The outputs from these computer operations are
computer printouts and plots of graphic results. Many computer facilities

have both hard copy and microfilm plotting capability.

2.3.2.4 Characterization Data Sorts

Characterization parameter sets are often used by the data

analyst to search out special trends in the test response data. This

searching process is typically done by sorting parameter sets based on key
parameter specifications. These sorts are done with a computer6 and the

output is a computer printout which results in either a standard or user

specified special format. i

The mediums of output data typically required of a data system

are:

Microfilm

L Microfilm Hard Coples

o Punched Cards

o Magnetic Tape i

o Computer Printout !

o Computer Plots

2.3.3 The Processing Request

The data system processing request is simply a form which

is submitted by the user to initiate entry of data into the data bank,
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request its retrieval, and/or any other processing within the capability
of the data system. In the case of entering data into the data bank, the
request form accompanies the raw test data as it enters the data system.
The form must contain sufficient pertinent information so that the data
system knows what data it is receiving and what to do with it. This infor-

mation, which must be supplied by the user, should include:
(1) Submitter (user's name).
(2) Submission date.

(3) Type of photograph (response, environment, and/or

calibration).
(4) Number of photographs of each kind.
(5) Test number to which photographs belong.
(6) Any peculiarities about the data.
(7) Any special processing instructions.

From the discussions in Paragraph 2.3.1, it is obvious that
there were only two basic forms of data system input data during the ARES
MINUTEMAN 11/111 tests; photographs and characterization parameter lists.
Throughout the test program, both forms of data were processed into the
data bank in a consistent manner. Therefore, the instructions for pro-
cessing the data into the data bank were repetitious and, for the most
part, Implicitly understood by both the users and the ARES Data System
and did not have to be entered on the request form. Only deviations from
the norm, such as pecullarities in the data (e.g., photographs missing) or

special processing instructions, if any, were entered on the request form.
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There are basically two types of requests for retrieving data
from the data bank; standard and special. For standard requests, the
instructions for processing required are implicitly understood by the
user and the data system. Thus, the request form used to initiate a

standard processing request need contain only the following information:
o Submi tter
o Submission Date
° Processing Requirement
o Data Bank Items to be Processed

In the case of special processing requests, very explicit
instructions must be given by the user. For example, ARES special pro-
cessing requests usually involved the data system's developing new computer

software in order to process or display results in a nonstandard manner.

ARES used two request forms during the MINUTEMAN 11/11] test
program as shown in Figures 2-2 and 2-3. The first form was used to
initiate all input requests and special output requests. The second
form was used to initiate all standard output r quests. Both forms have
a space for the date and the submitter's name. The first form has a space
for the number of photographs submitted. This number told the data

system how much data they were receiving in the package and gave them a

quality control check number (i.e., they were able to count the number
of photographs in order to determine if the count coincided with the

stated number).




DATA SYSTEM INPUT, COVER SHEET FOR
(Submit to Data Support Team - Shift Supervisor)

Date

Submitter

Number of pictures submitted

FOR DATA SUPPORT USE ONLY:

Received (Time) Entered in request log by

Control # Characterized ,
Keypunched/verified
Microfilmed Thru

Library (Film & Cards)

Shift Supervisor

INSTRUCTIONS :

Figure 2-2.  ARES Request Form for Data System
Input and Special Output Requests
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Additional information needed was filled in the space marked

"Instructions.' Examples of instructions are:
""Environment Pictures for 373-2 through 401-1."

This means environmental photographs from test 373, shot 2 through test
4ol, shot 1.

""Response Pictures for 845-1 through 875-10."

The same meaning is attached to this statement as for the environment
photographs. However, for response photographs, normally a charac-

terization parameter list accompanied each response photograph.

"Response Pictures Missing for 856-7 and 856-9'"

This means, shots 7 and 9 were not made for test 856.

When the form shown in Figure 2-2 was used to initiate a
special output request, the blank for number of photographs submitted was,
of course, left empty, and all information was supplied in the '"Instruc-
tions" area. Always included in the instructions were test/shot/channel
numbers for the data to be used (i.e., the common index for most data
stored In the data bank was the test/shot/channel number).

The form shown in Figure 2-3 was used for standard output
requests. The form has a number of standard data reduction functions
listed under "Analysis Required,' and a number of output and display
options which could be checked. Also, there is a space to list the photo-
graphs to be used in the processing, plus some pertinent p-rameters (sweep

speed, etc.) which might have been needed during the processing.
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It should be noted that both forms contain a space titled ''BDM
Internal Use Only'' or 'For Data Support Use Only.'" These forms accompanied
the data being processed through the data system and were used in the con-
trol procedures used internal to the data system. This control use is

covered in detail in Paragraph 2.4.

2.4 DATA SYSTEM PRGCESSING AND CONTROL REQUIREMENTS

The ground work has now been laid to discuss the internal workings
of the data system. The actions which take place will be looked at as
either 'processing'’ data into the data bank or ''processing'' data out of the
data bank as suggested in the modei (Figure 2-1). The term "processing'
as used here denotes various sequentiol processing steps which the data

must go through in order to prepare them for data bank storage or for the
user. This series of steps will be termed a processing cycle.

Several such cycles can be defined for a data system designed to
satisfy the data requirements of a pulse simulator (transient waveform

data). The‘number of cycles involved depends on the number of different

forms of data input to the data system, how the data are to be stored in the

data bank, and the requirements for output data. The individual process-
ing steps in each cycle are also dependent on these factors. In any case,
the processing steps are directed toward changing the medium or format

of the test data into a more efficient or usable form, and are, for the

most part, hardware oriented.

In addition to the processing steps which take place in a cycle,

there are a number of control steps which take place. There are three
categories of control which are commonly used:
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° Data Bank Control

L Data In-Process Control
L Quality Control

Data bank control functions are basically library oriented. They involve
using a well-defined data logging and indexing system that allows assess-
ment of the contents of the data bank at any time. This is very

important from the standpoint of retrieving data from the data bank.

In-process control of data involves procedures for checking the
in-process status of any request submitted to the data system. The pro-
cedures allow the data system supervisor to know if schedules are being
met and if his operation is running smoothly in general. It also allows
the supervisor to report the status of a request back to the user if
necessary. This may be important if the user has requested an other-than-

normal schedule or processing procedure to be used by the data system.

Quality control procedures are used throughout each processing
cycle to assure the quality standards of data entering the data system,
entering the data bank, and leaving the data system.

Since the steps which take place in a processing cycle are dependent
on the input to the cycle and its data output, it will be instructive
to consider how data are typically stored in the data bank. Once these
are defined, the particular processing and control steps which take place
in definable cycles can be discussed. The cycles selected for discussion
are ones patterned after those used in the ARES Data System.l This is also
true for the discussion of the data bank which follows.

2.4.1 The EMP Test Data Bank

The EMP test data bank is a collection of various types of

test information generated during a test program. In fact, it should
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contain all test information generated during the test program so that a

complete data record of the test is permanently recorded and controlled.
The mediums used in storing data in the data bank are normally selected for
ease and utility of future retrieval as well as for convenience (as in the
case of data reduction results being stored in the data bank as well as
being passed on to the user) (see Figure 2-1). In this case, the medium

passed to the user is also the medium stored.

Common data bank storage media are:

L Microfilm

° Digital Magnetic Tape

o Punched Cards

L Punched Paper Tape
L Computer Printout
° Computer Plots

o Forms

o Index Logs

2.4.1.1 Microfilm

Microfilm Is a compact and convenient medium for
storage of photographs. As many as 1500 photographs can be recorded on a
single reel of microfilm. Microfilm can be rapidly scanned with a scanner
to inspect and select data for further processing. It can be easily

duplicated so that records of test data can be passed out to

23

et o et e MO+ =




L2y

multiple users (usually contractors associated with the test program)

as well as be stored in the data bank. Hard copies of any recorded frame
can also be made with a hard copier capability. Besides being used for
the storage of photographs, microfilm is commonly used to record computer
graphic output of high quality. During the ARES MINUTEMAN 11/111 test
program, the ARES Data System recorded more than 90,000 Polaroid photo-
graphs on microfilm and made 12 copies of all microfilm for distribution
to users. In addition, approximately 6,000 computer reductions were per-
formed on response photographs which resulted in six or more microfilm
plots each. Based on the volume of data for this program, the utility of

microfilm as a storage medium is obvious.

2.4,1.2 Digital Magnetic Tape

Digital magnetic tape is also a compact medium of
data storage and especially convenient for numerical data which are to be
subsequently exercised by a computer (e.g., characterization data).

Magnetic tape is susceptible to possible degradation (e.g., data acci-

dentally being overwritten by the computer). Therefore, some method should
be used to assure that such degradation does not take place (e.g., a backup

tape of permanently stored data).

2.4.1.3 Punched Cards/Punched Paper Tape

Either punched cards or punched paper tape provides

a convenient means of storing limited quantities of numerical data used
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in subsequent computer processing. This is especially true if the user
may request a limited set of these stored data for his own use as com-
puter input. For example, the results from digitizing a limited number
of waveforms are more conveniently passed to the user as punched cards
than as magnetic tape and most likely more convenient for the user since

his program probably exists as a card deck.

2.4.1.4 Computer Output

Usually the computer output will be stored as part
of the data bank since much of the data reduction done by data systems
is computer based. The common computer output mediums are printouts
and plots, although punched cards and magnetic tape can also be outputs.
Plots are typically generated in one of three ways: (1) microfilm (as
covered in Paragraph 2.4.1.1), (2) digital plotter (e.g., CalComp), and
(3) line printer. Binders are commonly available for storing printout

and digital plots,
2.4.1.5 Forms

The use of request forms has already been discussed
in Paragraph 2.3. Other forms may be used which aid the various process-
ing cycles. These forms are valuable records of user input to the system
and internal actions taken within the system, They, therefore, must be

stored, preferably in permanent binders.

2.4,1.6 Index Logs

The data bank is, in effect, a library system con-
taining a variety of data mediums. Any library system must have an
indexing system which allows access to the data. In the data system

data bank, this is accomplished through the use of written logs which
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indicate what has come into the data system for processing and what is
stored in the data bank. All such logs should be included as part of the

data bank., Two log forms are common: notebooks and computer printout
listings. Accepted library practices should be followed in selecting an

indexing system,
2,4,1.7 Others

Obvious additional candidates for storage are the
Polaroid photographs and characterization parameter lists which enter the

data system as raw data.

2.4,2 Processing Cycles

Four processing cycles are discussed below. These four are
the cycles which were used at ARES during the MINUTEMAN [1/11] test pro-
gram. They are considered very typical of the processing cycles which
would be found in any data system handling pulse simulator data (transient

EMP waveforms) .

In discussing the cycles, each definable processing or control
procedure will be identified. Those procedures of major Importance which
need extensive explanation will be covered in more detail in Paragraph 2.5

and in Section 3, which cover data processing techniques.
The four processing cycles to be covered are:

(1) Processing Polaroid photographs data into the
data bank,

(2) Processing characterization parameter data

lists into the data bank.
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(3) Retrieval and display of characterization

parameter data.

(k) Retrieval, processing, and display of photograph
data.

2.4.2.1 Processing Polaroid Photographs

The processing cycle for Polaroid photographs is
shown in Figure 2-4. The incoming data or input to the cycle is a request
form previously filled in by the user* (test system) and a package of
photographs. The supporting data are written on the back of each
photograph (see Paragraph 2.3 covering data system |/0). The first
step in the processing cycle is to log the work unit into the system.

This is done by making a copy of the request form and entering this copy
in a log-in notebook. Recall (Paragraph 2.3) that the request form
contains all pertinent information about the input data. |It, therefore,

acts as an ideal entry in a log-in notebook.

In addition to entering the request form in the log
book, a sequential internal data system control number is assigned to the
work unit. This number is taken from the log-in notebook '‘index."

Certain summary information about the incoming work unit is also filled in
the index as shown in Figure 2-5. This information includes submission
date, submitter's name, a very brief description of the job, and the

number of photographs in the work unit (if applicable). Thus, the index

is merely a summary in the log of the request forms and allows a quick
check of submissions to the data system. The assigned control number,

a simple, internal identifier of work units in process, is used for internal

control purposes.

o

Y

The concept of a Data Coordinator was introduced in Section |. At ARES,
the Data Coordinator was the individual who acted for all users as
liaison to the data system. He, therefore, submits all requests.
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Figure 2-5. Log-in Logbook Index
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Referring to the example request form of Figure 2-2,

it is seen that an area of the form has been reserved for ''Data Support Use

Only." This form accompanies the work unit through the processing cycle

as a control mechanism (i.e., a sign-off form to indicate that given steps

in the cycle have been completed). Thus, the first point of “'sign-off"

will be the log-in step.

The steps taken at the leg-in process before

sign-off can be summarized are as follows:

(m

(2)

(3)

(4)

(5)

Write the date and time the work unit (request)
is received on the request form. Also, assign
the next free work unit control number from the

log book index to the request form.

Copy the request form and enter the copy in the

log book as a permanent record of that request.

Quality control the work unit by counting the
number of photographs to assure the count coincides
with the number entered on the request form by the
test system, inspecting the back of each photograph
to assure that proper supporting information is
written there, and inspecting the instructions on
the request form to assure that they are understood

and consistent with the data submitted.

Sign of f the request form for the log-in process

as completed.

Attach the request form to the work unit and pass

on to the next processing step.
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The next processing step is the microfilming of all

photographs as shown in Figure 2-4. This step iypically involves irdexing

each photograph, recording the indexed photograph on mic,ofilm, and making

extra copies of the microfilm.

The index procedure used for the three categories of

photographs (response, environment,and calibration) may differ depending on

how the photographs are normally identified and what supporting information

goes along with the photograph concerning conditions under which the

photograph was generated. For example at ARES”the three categories of

photographs were handled in this way:

(1)

(2)

Response photographs were indexed with a test/shot/

channel number label placed on the photograph at
the time it was ''shot' onto the microfilm as

shown in Figure 2-6, No additional supporting
information was added to the index because all
necessary supporting data were part of the charac-
terization data list available in the data bank
through the test/shot/channel number. All response
photographs were put on microfilm reels labeled
with the letter 'R" denoting ''response.' A
sequential number was also used in the label,

(i.e., R=1, R-2, and so on).

B s BRI PSSP

Environmental photographs were indexed with a

test/shot/channel number but supporting informa-

tion was also included as shown in Figure 2-7.

Thus all pertinent information associated with

the photograph was recorded on microfilm along with :
the photograph. A special form called a photomount

was developed for this purpose. The information
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needed to fill in the photomount was obtained from
a '"'run sheet' which accompanied environmental
photographs into the data system. Environmental
photographs were put on microfilm reels labeled with
the letter "E," (i.e., E~1, E-2, etc.).

(3) calibration photographs were treated in a manner

similar to the environmental photographs with all
supporting information included in the indexing
scheme as shown in Figure 2-8. The main identifier
in the index is the date and type of calibration.
The photomount concept was also used in micro-
filming calibration photographs. Microfilm reels
were labeled with the letter "C" (i.e., C-1, C-2,

etc.).

The handwritten microfilm log book is kept so that the

information on microfilm can be retrieved. The indexing scheme used in the i
written log should be based on cross referencing the microfilm reel number :

* 3
(R-5, C-15, E-2, etc.) and the reel frame number to the photograph index, i

(i.e., test/shot/channel number for response and environmental photographs,
and date and calibration type for calibration photographs). Thus one

section of the log could be filled out as:

PHOTO INDEX

REEL FRAME  (TEST/SHOT/CHANNEL) :
E-15 431 73/6/1 |
E-15 432 73/6/2 j

0
A reel of 16 mm microfilm typically has 1500 to 1600 frames or individual
pictures on it. These frames can be thought of as numbered sequentially
for the purposes of finding information on a given reel.
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LIKEARITY CHECK
Level:

Channel:

Vertical: 100 myfdiv
Horizantal: 20 ns/fdiv
Date:
Time:

Notes:

CALIBRATION PULSE & RANP
Level:

Channel:

Vertical: 50 mv/div
Horizontal: 100 ns/div
Date: 9/8/71

Time:

Notes:

coi0443 ‘

(b)
Figure 2-8. Calibration Photographs as Indexed
and Recorded on Microfilm
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REEL FRAME PHOTO INDEX
E-15 436 73/6/6

R-5k 1103 73/6/1

R-54 73/6/2

R-54 1142 73/6/40

E-15 437 73/7/1

c-4 139 11/13/72-NOISE™

As shown, both the reel and frame numbers run sequentially and act as the

key indices.

A second section could be filled in with the photo-
graph index or identifier as the key index. Response and environmental

photographs use the same identifier,thus they could be entered as follows:

RESPONSE ENV IRONMENTAL
TEST/SHOT/CHANNEL REEL FRAME REEL FRAME ]
73/6/1 R-54 1103 E-15 43 f
73/6/2 R-54 1104 E-15 432 ;
!
73/6/6 R-54 1108 E-15 436 ;

73/6/7 R-54 1109 E-15 437
?

73/6/40 R-54 1142 E-15 470

73/1/1 R-54 1143 E-15 47

73/7/2 R-54 1144 E-15 472

Note: This is a calibration photograph entry. Therefore, its index is
the date and calibration test type.

66 ;

R S

i st Pl aR N A



oo

RESPONSE ENVIRONMENTAL
TEST/SHOT/CHANNEL REEL FRAME REEL FRAME
73/1/6 R-54 1148 E-15 Li2
73/7/7 R-54 1149
73/7/40 R-54 1182

Calibration photographs cannot be included in this
indexing scheme because they do not use a test/shot/channel number as a
key identifier. However, they can be indexed in a similar way as follows:

vE'  REEL FRAME
7/3/72 FS c-1 773
7/3/72 N c-1 774
7/15/72 LC c-1 942
7/15/72 FS c-1 943
9/28/72 N ¢-2 13

The last step in the microfilm process is to make

coples of the microfilm as required by the user. Copies are usually
made of a total microfilm reel rather than partial reel. Therefore, copying
Is not a continuing process but only occurs when one or more reels are full.

A continuing procedure which must take place throughout
the microflIming process is quality control. In a data system, quality control
factors considered are completeness, consistency, and quality of the results
of each processing step. Thus the quality control checks which are exercised

during the microfiiming process Include:

*
Note that '"type' denotes type of calibration photograph (i.e., Frequency
Sweep (FS), Noise Check (N), etc.).
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(2)

(4)

The final actions which take place in the photograph

processing cycles are:

(1)

(2)

(3)

Check for ambiguities or inaccuracies in supporting

data written on the back of photographs or run

sheets.

Visual checks to make certain that microfilm image
quality is consistent with photograph image

quality.

Inspection of microfilm indexing to assure that
all supporting information is correct. If
inaccuracies are found, the photograph should be
reshot with the corrected supporting information

and spliced into the microfilm reel.
Check the microfilm copies for image quality.
Randomly check microfilm log book with microfilm

reels to see if log indexing data match reel

indexing data on a frame by frame basis.

[N

Sign of f the request form (Figure 2-2) to indicate

microfilming is complete.

e e g g T o

Pass the request sheet to the data system super-
visor or his assignee so that the input log book

can be up-dated to show the job as complete.

Store photographs in data bank.
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2.4.2.2 The Characterization Data Cycle

Characterization data lists are input to the data
system to be processed into the data bank. The processing cycle to do

so is shown in Figure 2-9. The output (the output data medium). of the
cycle is assumed to be digital magnetic tape. This assumption Is based

on the assumed use of characterization data by the user or data analyst.
The data analyst is typically interested in sorting and organizing the
characterization parameter sets for particular trends in the data. This
sorting and organizing is best done by a digital computer and because

of the volume of data involved* the input data are best stored on magnetic

tape.

As explained earlier, a characterization data set
(or parameter list) is generated for each response photograph and they
normal ly are part of a total data package input to the data system (photo-
graphs plus parameter lists). Except for the fact that the total package
arrives under the same request form, the parameter lists can be treated

as a separate input,

The first step in the processing cycle is to log the
request into the data system and perform the first quality control check
on the data package. The logging in procedure is exactly the same as that
given for the photographic input data. A copy of the request form is
entered in the log book, an internal control number is assigned, and the

original request form is attached to the package of parameter lists.

The quality control exercised at log-in consists of

counting the number of parameter lists submitted to see if the count

¥
The ARES M: IUTEMAN [1/111 Test Program ended up with some 80,000 characteriza-

tion data sets, each with 31 numerical parameters.
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coincides with that given on the request form and scanning the data in each

list to determine if each list is complete.

The next step in the cycle of Figure 2-9 is to transfer
the parameter lists to digital magnetic tape format. Two methods are
shown for doing so (teletype or punch card input) and are dependent on what
type of computer facilities are available to the data system. Using a
teletype requires an on-site computer which is equipped with a teletype
and a tape drive. Using punched cards requires either an on-site or
of f-site computer equipped with a card reader and tape drive. The tape
created from the new parameter lists can be termed an ''update tape.'" When
creating an update tape, it is typical to make each parameter set a

separate ''record" on the update tape.

The final step in the process is to add the newly
recorded data to a master tape containing all previous parameter sets,
which is the data bank for characterization data. However, before doing
so, the new data should be quality controlled to assure that no mistakes
were made in the translation process. This can be done by listing the
update tape contents and comparing the listing with the parameter lists, or
by listing the punched cards (if they are used) and making the same com-
parison. |f errors are found, one must have a means of correcting the
update tape. |f punched cards are used, one can simply change the incorrect
cards and then generate the update tape. When cards are not used (i.e.,
the teletype method is used) cards could be generated (punched) from the

update tape, ccrrections made, and a new update tape made.

Adding the update tape contents to the master tape
is simply a tape-to-tape transfer operation requiring a computer equipped
with at least two tape drives and the appropriate software to do so. It
is a definite advantage to have two master tapes available with one acting

as a back-up in case the primary tape is destroyed.
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2.4,2.3 Characterization Data Retrieval/Display Processing
Cycle

Characterization data sets are used by the data analyst
to search for meaningful trends in test data. This search is typically
done on a digital computer using a data SORT/MERGE routine to select
various characterization data sets, with the selection based on key param-
eter specifications. The selected data are then displayed in a manner

which allows easy interpretation by the data analyst.

The processing cycle to retrieve and display charac-

terization data is shown in Figure 2-10. The cycle is started by a
request from the user which must specify:

(1) Which characterization data sets are to be
included in the retrieval process (SORT/MERGE).

(2) On which data set parameters the retrieval is to
be based.

(3) How the retrieved results are to be displayed.

The data input to the cycle is the master characteri-
zation data tape (discussed in Paragraph 2.4.2.2) plus instructions to
set up the sort program and data output format. These instructions are
usually submitted via punched cards. The output formats for displaying
results normally consist of standard formats and special formats. ARES
used two standard output formats: the card image and matrix shown in
Figures 2-11 and 2-12 respectively. The software to produce either of
these was written as part of the SORT/MERGE routine and the selection of
either was made in the instruction cards at the user's option. The software
for any special display format was generated by the data system to user

specifications.
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A large computer system:'r is normally required for sorting
the characterization data sets. This is because large systems are equipped
with the necessary random access and bulk storage peripheral devices (disk
and tape units) used in data sorting, and have available ''canned'' SORT/MERGE
software packages which can be integrated into a total software package
accepting sort and displaying instructions, performing the sort, and display-

ing the results.

The log-in procedure for this processing cycle
amounts to the user submitting a request form with the information listed
above (i.e., data sets to be included in the sort by test/shot/channel
number, parameters to sort on, and display requirements). The request
form should be copied and the copy entered in the log book as a permanent
record. An internal control number is also assigned to the request form
as discussed in Paragraph 2.4.2.1. |If the request calls for a special
display format, the details of the requirement should be reviewed by a

data system programmer to assure that they are clearly understood.

At this point, the request is passed on to a programmer
s> that required sort and display instruction punch cards can be generated.
Once this is done, the instruction cards are submitted to the computer
system to perform the sort and display. The displayed results are then
quality checked to assure that they meet the request instructions. They
are then passed to the user. Copies of the results can be retained as
data base records. However, characterization data sorts are usually
specialized enough, in terms of the particular data sets involved, that
there is a low probability that a request for the same sort conditions

would be called for again.

" Examples of computer systems typically equipped to perform SORT/MERGE
operations are CDC 3000 or 6000 series machines or IBM 360 or 370 series
machines.

76



2.4.2.4 Data Reduction Processing Cycle

The term ''data processing' is used in the Handbook to

denote a number of computer implemented techniques for transforming raw
test data into forms more suitable to assessment. Assessment activities
are carried on by both the test system and data analysts. The test system
is primarily interested in the proper operation of the simulator and
associated instrumentation so the raw data of interest here are environ-
mental and calibration photographs. The data analyst is primarily
interested in assessment of the tested system and uses the response photo-
graph as his raw data. In either case, the data processing or transforma-
tion techniques typically include waveform integration, Fourier transforms,

or transfer function estimation.

The data input to the data processing cycle is the
Polaroid photograph. Since the data processing techniques require the
use of a computer, the photograph data must be converted to a computer
readable format. This is done by the process of digitization (see Para-
graph 2.5.2 for a detailed discussion of photograph digitization). Once
digitized, the test dita are fed to the computer system as input to the
appropriate data processing technique and results are dispiayed as

required.

The processing cycle is shown in Figure 2-13. Action
in the cycle is initiated by a request from the user. The first step in
the cycle is the logging in of the request by the data system. The request
is not normelly accompanied by test data since all photographic data reside

in the test data bank on microfilm. Therefore, the request form must specify:
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(1) What photographs are to be processed.
(2) What data processing action is to be taken.

(3) Any special computer software which must be

generated to perform the data processing.

(4) Any special instructions (e.g., the way in which

digitization is to be carried out).

The log in procedure consists of copying the request
form, assigning an internal control number to the request, entering the
copy in the log book, and passing the request on to the next processing
step (digitization). If the request calls for special software development,
the request should be reviewed by a data system programmer at the time of
log in so that a clear agreement of what is to be done is reached by the

data system and submitter (user).

Usually a number of standard or 'canned" data reduction
techniques are available to the data system. Therefore, a request form,
such as that shown in Figure 2-3, is convenient. The form does not have
space for any special instructions so that all processing operations must
be implicitly understood by both the user and the data system. [f special
instructions are required, the form of Figure 2-2 can be used alone or to

supplement the form of Figure 2-3.

Following log in, processing can take two parallel
paths, photograph digitization and software generation., Digitization is
necessary in every case; software generation is necessary in only those
cases where instructions so indicate and, presumably, these cases are

limited.

The digitization process begins with location of the
photographs of interest on microfilm and the generation of hard copies of

the microfilm waveforms to be used in digitizing. As indicated in Paragraph

2
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2.4.2.1, when photographs are recorded on microfilm, an eye legible index
is also reccrded. Thus, the photographs of interest are first located by
identifying the microfilm reel containing the photograph (this is
conveniently done via the microfilm log book), then scanning the reel

with a microfilm scanner to visually locate the photographs. The scanner
should be equipped with a hard copy printer, so that as a photograph is
located, a hard copy is made. Note that there is a definite advantage to
using the microfilm hard copies in digitizing as opposed to the photograph
itself. The hard copy is typically 8-1/2 x 11 inches in size, whereas the
®olaroid pnotograph has approximate dimensions of 3 x 4 inches. Thus, the

waveform is enlarged more than two times which aliows better resolution in

digitizing.

As indicated above, the results of digitizing are
a sample data representation of the photograph waveform in a computer
readable medium. The medium will normally be either punched cards or

digital magnetic tape.

Any software development which is done in parallel
with the digitization process needs little explanation except to say that
the programmer responsible for generating special data processing computer
routines must have a thorough understanding of the subject of time series
analysis. In particular, he must have an appreciation of transient waveform
analysis, the effects of sampling on such waveforms, how to use various
numerical algorithms available for exercising the sampled data, and the
effects of noise contamination on computed results. This type of under-
standing suggests the data system programmer should have an engineering,
physics, or applied mathematics background with a good understanding of

EMP test data assessment techniques.

Following digitization and suftware generation (if
necessary), the data are submitted to the computer system for processing.
Which data processing code is used determines the type of computer

required to perform the codes. Typical codes include:
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(1) Preprocessing program to scale digitized data and

perhaps time vie multiple waveforms.

(2) Linear Fourier transform algorithm,

(3) Fast Fourier transform algorithm.

(4) Transfer function estimation algorithm.

(5) W..: .. iategration rouatine.

(6) Data display routines for plotting results.

Most of the codes listed above can be done on a com-
puter equipped with 30K or more words of core memory. For convenience,
the computer should be equipped with one or more magnetic tape drives, a card

reader, a line printer, and a plotter.

Since most scientific software is written in FORTRAN,
the computer system should be able to compile FORTRAN source code.
The execution time for processing software depends on two factors: the
computer and the efficiency of the FORTRAN compi'er. Large machines like
a CDC 6600 are specifically designed for "number crunching' computations
which is characteristic of many data processing coues. This is basically
due to the per instruction execution time and the basic computer word length

(60 bits for the CDC 6600). Large scientific computers slso generate very

efficient machine codes from their FORTRAN compilers.

As the size of the computer is reduced (in terms of
basic computer word length in bits), the execution time for a given code

generally increases, often by an order of magnitude or more.

The final step in computer data processing is
the display of results. Results are typically displayed as plots or as

computer printouts. When plots are made, it is important to assure that
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the plot axis labeling and scale are correct for the variables plotted.
To do so, one must understand the units of the data input to the processing

code and how units are changed by the processing codes.

2.5 PROCESSING HARDWARE SUBSYSTEM

The four test data processing cycles commonly found in EMP data systems
were discussed in Paragraph 2.4. Three major hardware subsystems were
outlined in those discussions: the microfilm subsystem, the digitizer
subsystem, and the computer subsystem. These three subsystems are covered
in more detail here to better understand their required design and operation.
Because digitizers are probably the least understood of the three categories
of hardware (that is, as they are used in processing EMP test data), the

greatest emphasis is put on these systems.

2.5.1 The Microfilm Subsystem

2.5.1.1 Equipment Requirements

Under the assumption that. both the microfilm copies
and hard copy prints of miciofilmed test data are required from the data
system, there are four basic pieces of microfilming equipment required:

L Microfilm Camera

L4 Film Developer System

° Film Copier

Scanner/Hard Copy Printer

As indicated in earlier subsections, the average daily
microfilming load may be as high as 300 Polaroid photographs, with occasional
peaks of 600 or more. Thus, the microfilm camera must be convenient and
reliable to use with features such as easy focusing and an automatic

exposure meter to assure proper light level,
82
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Film developing can be done by hand in a dark room or

in an automatic system. Normally, the automatic developer systems are com-
pletely self contained, having one-pass systems which can operate in complete
daylight and which require minimum handling of chemicals. An automatic system
with such features is a definite requirement, especially when large quanti-

ties of microfilm must be processed.

Also, a film copier system is needed to make microfilm
copies for distribut.or. to parties who need a permanent record of test data
collected. The only requirement on such a system is that it produce copies

with least degradation in information content.

The basic requirement on the hard copy system is that it
produce high quality reproduction of the microfilm information. The informa-
tion is, of course, test waveforms and the hard copies are required
as the waveform images for the digitizing process. Therefore, the
quality of the digitized data is proportional to the quality of the micro-
film hard copy. There are two basic types of hard copy processes: dry and
wet. Both process types wr ‘e thoroughly evaluated when the ARES Data System
was being developed and it was found that all dry processes produce prints

of unacceptable quality. Therefore, a wet process system is a definite

requi rement.

2.5.1.2 Example Microfilm Equipment

A brief description of the microfilm equipment used at

ARES is given as examples of some equipment that meets data system requirements.

2.5.1.2.1 Recordak Micro-File Machinel?

The Recordak Micro-File machine is designed

for making permanent microfilm (16 mm) of documents up to 26-1/4 inches by

- g



36-3/4 inches. The microfilm records are normally made on 100-foot rolls

of 16 mm fi'm (see Figure 2-14),

All controls are integrated in the machine
and the lens system provides automatic focusing at all reductions. Each
selected reduction ratio is indicated to the operator. The film unit is

raised or lowered by a wheel on the front of the machine.

The photoelectric exposure meter determines
the required light intensity and, being in a fixed position, the meter does
not have to be swung over the document to determine proper exposure. A
split-field range finder allows the operator to easily adjust the copy

level for depth of field focus.

The model MRD-2 has a photo reduction range

of from 5:1 to 21:1.

2.5.1.2.2 ITEK 335 Transflow Processor!3

The Transflow Microfilm Processor provides
an automatic film processor and features straight-through processing, day-
light loading, premixed chemicals, and simultaneous processing of multiple

film rolls and widths.

The straight-through film channel passes
through three stages; processing, washing, and drying. Any point in the
film transport may be reached in a matter of seconds by raising the three

top hoods and 1ifting out the tank covers (see Figure 2-15).

The processor is designed for complete day-
light operation. Film is processed under ordinary room light, No prethread-
ing is required. Film is started by attaching it to a 36-inch opaque leader

which is then fed into the feed rollers of the processor.

8L
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Figure 2-14. Recordak Micro-File Machine
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Eleven pairs of rollers pass the film through

the processor in a straight line to the delivery rollers and the take-up
section. Here the leader is removed and the film wound on the take-up spool.

The basic units include a film input magazine;

developer, fixer and wash applicators; dryers, and take-up spools. Each
section of the processor has two sets of rollers that feed the film through
in a straight line. In support of the main film track are the supply tanks,

drains, thermometers, and control units.

2.5.1.2.3 ITEK 303 Contact Printer!"

The ITEK 303 contact printer will make
contact copies of microfilm, including 16 mm, 35 mm, and 70 mm film, At
ARES, 16 mm film is standard. Figure 2-16 shows the four spindles for
holding the negative film to be printed, take-up reel after printing, the

positive roll of film to be printed, and its take-up spindle.

2.5.1.2.4 Bell & Howell Micro-Data Printer!?

The Bell &¢ Howell Micro-Data Printer is used
to make positive prints of microfilmed data. This machine has controls for
varying the print size, as well as the contrast of the prints. Other controls
provide for variable speed contro! of the film, image rotation to allow any
desired rotation of image axes, focus control, and a scan control to provide
movement of the image on the screen in either a horizontal or vertical

direction. Figure 2-17 shows a photograph of controls and film mounting.
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Figure 2-17. Bell and Howe!l Micro-Data Printer
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2.5.2 Digitizing Subsystem

2.5.2.1 Introduction

Digital computer processing of EMP test data requires
that the test data be conveyed from continuous analog test signals to a form
usable by a digital computer. This usable form is a series of digital words
and the conversion process is called digitization. The conversion process can
take place in real-time in which case the ''digitizer' operates directly on
test sensor voltages or currents; or it can take place in other than
real-time which requires that the test signals be recorded on an interme-

diate medium such as a storage oscilloscope or a photograph.

Because of signal bandwidth requirements, and because
real-time analog to digital converters with a sufficiently high sampling

8

rate have yet to be perfected (i.e., sampling rates of 2 x 10° samples/
second or greater are normally required), the storage of test signals on

an intermediate medium is the most common approach.

Since the intermediate recording medium technique is
commonly used (that medium most commonly being the Polaroid photograph),
the material presented in this subsection will concentrate on digitizers
for the conversion of graphical photograph data to digital data. Examples

of digitizers of other types will also he covered but to a lesser extent.

9 10
2.5.2.2 Digitizer Fundamental °’

Digitizers of all types are basically samplers and
encoders which transform continuous or analog information to digital form.
The analog information of interest for this discussion is a graphical
representation of an EMP time waveform. The graphical medium can be a
Polaroid photograph, microfilm copy of the Polaroid, or enlargement made

from either.



In the transformation or conversion process, it is
necessary to sample and transform selected locations, (xi, yi), on the spatial
waveform into pairs of digital words (Zx , 2 ). Since the measurement of

x-y coordinate locations must be made with regpect to some reference location

or distance (xR, yR), one can define:

&l

L T X
i R (Eq. 2-1)

70 =k

Yi YR

In these two equations, Zx and Z are taken to be the closest digital

approximation to xi/xR and'yi/yR réspectively.

If X and g 2re assumed to be '"full scale' distances,
then both Zx and Z can be implicitly represented as fractional binary

numbers of the form

wz=a2tva2?s . 4a2" (Eq. 2-2)

in which the a, are 0 or 1. It should be clear that Z is always less than

unity since X. < Xp and Y; < Yge

The aIZ-' term represent the bits in the digital
word. The aIZ-] term is called the most significant bit (MSB) and has a
value of 1/2 (2°'). The anz'" term is callud the least significant bit
(LSB) and has a value of 1/2". The value of the binary word is obtained
by adding up the value of all terms which have a non-zero coefficient
(ai = ]). The value of the digital word when all coufficients equal 1 is

1 -2 "or normalized full scale less one LS8.
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This particular binary representation or code is
called "natural binary." There are many other codes used in digitizers,
all of which are variations of natural binary and are usually chosen for
convenience in application or in interfacing with other systems. Examples
include binary coded decimal (BCD), bipolar, offset binary, one's comple-

ment, and two's comul3ment.

2.5.2.3 System Operational Requirements

There are a number of factors which are fundamentally
important to digitizer performance and selection such as resolution,
accuracy, basic operational mode (manual or automatic), and control.
Before discussing these, it will be valuable to develop a simple model of

graphic digitizers to use in subsequent discussions,

All graphic digitizers can be looked upon as having

four basic elements (see Figure 2-18):

(1) Reference Plane
(2) Pointer or Cursor
(3) Analog-to-Digital Converter

(4) Control Unit

The reference plane acts as the working surface on which the graphical or
spatial waveform to be digitized is placed. The pointer is used to locate
the point on the waveform to be digitized. The reference plane/pointer
normally acts in an emitter/sensor relationship so that the position of the
pointer on the reference plane can be sensed. There are many electronic
and electromechanical schemes used to form this relationship but all

produce essentially equivalent results.
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For most digitizers, the emitter/sensor system pro-
duces analog voltages or currents proportional to the position of the
pointer on the reference plane. The voltages or currents are then fed to

an analog-to-digital converter to produce Zx and Zy, the digi*al outputs.

The control unit basically serves the purpose of
buffering, formatting, and storing the digital outputs from the analog-to-
digital converter. It can serve a number of additional functions important

to digitizing EMP waveforms (see the discussion in the paragraph on

control).

2.5.2.3.1 Resolution

The first operational factor of fundamental
importance is digitizer resolution. For graphical digitizers, the resolu-
tion is determined by the usable dimensions of the reference plane (xR and
yR) and the number of bits in the digital words, Z and Zy. (Note that the
number of bits (n) is assumed in these discussions to be the same for both
words although this is not always the case.) A digital word with n bits

3

has 2" unique states (e.g., for n = 3, there are 2° or 8 unique states).
Then, the number of uniquely definable locations, N, in either orthogonal

dimension (x or y) of the reference plane is given by:

*R
N B e— (ch 2-3)
X n
2
and
Y
R
N = — Eq. 2-4
y o (Eq )

Assuming the digitizer to be linear, these uniquely definable locations are

equally spaced across the surface of the reference plane.
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As seen in Figure 2-18, resolution governs the
quantization error in Zx and Zy. The dots represent the uniquely definable
locations on the reference plane. As the pointer is noved along the con-
tinuous waveform, the analog-to-digital conversion logic sclects that loca-
tion which the pointer is closest to, with transitions theortically made
halfway between any two adjacent points. The result of digitizing the
waveform in Figure 2-19 with the resolution indicated is illust-ated in
Figure 2-20,

In actual fact, the resolution for most
commercially available graphical digitizers is sufficient so that the
quantization error is more than acceptable for digitizing photographic data.
Available resolution is typically between 0.01 and 0.001 inches. Consider-
ing the dimensions of a Polaroid waveform, one can visualize that the result-
ing digitized waveform will be very close to the pattern traced during
digitizing. Note that this does not imply the digitizes waveform is
necessarily equivalent to the actual waveform, but only to the pattern traced.
The equivalence of these two waveforms (actual and digitized) is a function
of operator ability and photograph quality in the case of a manual
system, or of photograph quality and system complexity in the case of an

automatic scanning system.

2.5.2.3.2 Accuracy?,10

Accuracy (conversely error) is the measure
of closeness between the actual and theoretical digitizer outputs. Refer-
ring to the simple discrete grid model of Figure 2-19, when the pointer or
cursor is closest to grid point (xk, yk), then the digitizer outputs should
be Zx and Z . This may not be the case for reasons of poor design or
diglt*zer ope'rSation outside the specified environmental limits (e.g., tem-
perature, humidity, and dust). The types of error which may occur include:

AR R

{
i



SINIOd 318VN1i43Q
AT3INDINN NI3ML38
GTOHS3IYHL NOILISNVYL

SINIOd NOILYZILNYND
379YN143G AT3INDINN

o SN T =

49zi111b1q (eoiydedg 4oy pidg uoiiezijueny

e, N P (D O A S
_- __.. _ o |

Lo | e | e | e | o | o

*61-¢ @4nb14

o

I AR

A | — +il g




b

l

WHO4IAVYM 90TVNY =

61-2¢

2.4nbi 4 jO waojaAeM
2yl buizy131b1g jo 3 nsay  "Qz-z @4nbiy

SNOIL1Y207 03Z1L11910

Ponoa ko>

97



P!'.:'_,.——»‘- \ . B o ke - -
- B

e

® Quantization Error
e Offset or Bias Error
e Scale Factor Error

e Linearity Error

To discuss the effects of these errors,
the simple analqg-to-digital conversion model of Figure 2-21 will be used.

The model, as shown, is a graphical representation of the ideal conversion

process. The abscissa represents the analog input normalized to full scale.

The ordinate represents the resulting digitized output. Note that

a digital word of length 3 is assumed giving eight unique quantization
levels. Note also that the transition in the ideal case is assumed to
take place midway between quantization levels. The numerical value of

the digital word as well as its bit values are given along the ordinate.

Figure 2-21 clearly illustrates the effects
of quantization error alluded to in the discussion on resolution. Any
analog input value between 9/16 and 11/16 of full scale will be converted

to a digital value of 5/8 (code of 101).

Figure 2-22 illustrates the second type of
error, offset or bias. The error is strictly analog in nature and occurs
either in the process of sensing the location of the pointer on the

reference plane or in the analog-to-digital converter. The offset shown

would cause all digital outputs to be low in value by 3/16 of FS. The offset

could, of course, be such that all readings would be high by some value.

The third error type, scale factor or gain

error, is illustrated in Figure 2-23. Here the analog-to-digital conversion

process is linear but transitions no longer take place at the ideal transi-
tion thresholds. For example, the lower conversion threshold for full
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Figure 2-21.
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Figure 2-22. Effect of Offset Error on the Analog-to-Digital
Conversion Process
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scale digital (Z = 111) is located at 3/4 FS rather than 7/8 FS as it
should be. This is also an analog type error which takes place prior to

the conversion process.

The final error type discussed is linearity
error, shown in Figure 2-24. An arbitrary nonlinear gain curve has been
drawn to illustrate its effects. The gain relationship can, in fact, be

any relationship that distorts the conversion in a nonlinear way.

As in the case of resolution, most commer-
cially available digitizers should have the above discussed error problems
worked out so that the digitizer operates with an acceptable overall
accuracy. An acceptable accuracy is one on the order of the stated resolu-
tion. For example, if the resolution is given as 0.001 inch, then an
acceptable accuracy would be * 0.005 inch or less. This means that a
distance measured from any point in the reference plane to any other point
in the reference plane can be in error by as much as * 0.005 inch. How-
ever, the stated accuracy is usually an "expected maximum error' in the
statistical sense, which means that % 0.005 inch is a maximum error where

the expected error is zero.

2.5.2.3.3 Basic Operational Mode

Graphical digitizers currently in use for

EMP test data reduction can be divided into three categories:

@ Manual
® Semiautomatic

® Automatic

Manual systems, as the name implies, are manually operated, requiring an

operator to move the pointer from waveform location to location during

101
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digitizing. The chief advantage of the manual systems lies in the opera-
tor's ability to overcome certain photograph quality problems with which a
semi automatic or automatic digitizer may have problems. These photo-
graghic quality problems are partly due to the inherent complegity of EMP
test data, and partly due to human error or instrumentation problems during
the recording process. Examples of such photograph problems are illustrated
in Figures 2-25a through 2-25f, These six test photographs were generated
at ARES and are considered typical of the types of test data digitized by

data system.

The first example (Figure 2-25a) (1lustrates
a near ideal waveform for digitizing. The photograph has good contrast ~nd
the waveform has good frequency resolution (i.e., the waveform is suffi-

ciently spread out so that all portions are clearly defined).

The second example (Figure 2-25b) illustrates
a test waveform in which at least two resonant frequencies appear, one much
i higher in frequency relative to the other. Thus the high frequency infor-
mation as recorded has very poor resolution and is almost impossible to

digitize accurately.

The third example (Figure 2-25¢) is very
similar to the second, except that the high frequency information persists
for the total duration of the recorded waveform. Again the frequency
¢ definition is very poor which would make digitizing very difficult. The

photograph also has poorer contrast than the first two examples.

The fourth example (Figure 2-25d) illustrates
the problem of portions of the waveform completely disappearing due to
oscilloscope writing speed (v:aveform slope and amplitude). As in the third
example, high frequency information persists for most of the waveform

duration.

102
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Figure 2-25.

Photographic P roblems
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Figure 225. Photographic Problems (Continued)
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The fifth example (Figure 2-25e) illustrates
poor photograph contrast most likely due to improper setting of the grati-

cule lighting on the oscilloscope.

The final example (Figure 2-25f) iilustrates
the problem of baseline drift in which the waveform appears to be biased
from its true baseline. This is most likely due to oscilloscope mal-
function. There is virtually no way to correct for this type of error

because of the inherent distortion to the waveform,

As implied at the outset of this discussion,
a properly trained operator can overcome many of these poor quality problems.
This is certainly true in many cases where the waveforms are complex with
poor frequency resolution. It is also true where contrast is poor within
certain limits. |In these cases the operator can guess at and ''fill in"
missing or hard to distinguish waveform data. This procedure, of course,
runs the risk of adding waveform features during digitizing which do
not exist. Finally the major disadvantage of manual systems is: (1)
they are slow (one to three minutes to digitize a single waveform), and
(2) the operator can become disinterested and do a poor jo. over long

periods of time.

Semiautomatic digitizers normally operate
on a light scanning principle in which the grey level (density) of a
photograph (in this case its negative) is sensed and, based on sensed

level, the waveform is located and conversions are made. In this case the

st St SRRt

light beam acts as the pointer and precision position fixing of the light
beam during scanning acts as the reference plane. The scanning process is
automatic and very fast, normally allowing a complete waveform to k=
digitized in well under one second. These systems are configured so that
the operator can interact in the scaaning process and manually digitize

"difficult" portions of the waveform. These waveform portions are

105
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Figure 2-25 Photographic Problems (Concluded)
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divficult in the sense that there is insufficient photograph contrast or
frequency resolution for the automatic scanning system to accurately locate

the waveform.

Automatic digitizer systems are essentially

equivalent to semiautomatic except that there are limited or no means for

operator interaction. Thus waveform problems as discussed above cannot be

easily overcome.

2.5.3 Digitizer Control

There are several control-oriented functions which are mandatory
for digitizers used in EMP data raduction, and certain additional functions
which are desirable but optional. The discussicns here are again directed
toward manual digitizer systems rather than semiautomatic or automatic
systems mainly because manual systems are predominantly used in EMP data
reduction due to the test data quality problem as outlined in the previous

subsection.
Tte control functions which are considered mandatory are:
(1) Means of initiating single point digitizations.

(2) Means of indicating that a digitizing sequence is

completed.

(3) Means of storing output digital data which are compatible
with the computer system which will use the data.

(4) Means of labeling digitized data sets.

There are two typically used modes of digitizing EMP waveform
data: point-by-point and continuous or evenly spaced in X. Point-by-point
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is the more coomonly used mode for which the operator selects points to be
digitized along the waveform, using waveform characteristics (slope and
curvature) as selection criteria. This produces a set of digitized points
in which the X-axis values increase (ZX. > Zx ) but are not evenly
spaced (nonconstant AX). To operate this moéé:]lhe operator must be able
to initiate a conversion after selection of each point. Many commercially
available digitizers come equipped with a button on the pointer (cursor)

or foot pedal for this purpose.

In order that no extraneous data points are taken after the
end of the waveform is reached, a means of ''turning off'' the digitizer and
ending the digitized data set is required. Again, this function is normally
provided by a push button on the pointer.

The output digitized data must obviously be stored on some
medium compatible with the computer system in which it will be
used. There are three common mediums for this purpose, digital magnetic
tape, punch paper tape, and punch cards. Most commercial graphic digiti-
zers are available with interface options to interface with one or more

of these storage media.

Labeling digitized data sets is necessary for identification
when the sets are used as input data for data reduction computer programs.
Labeling requires that a means of entering the label into the storage
system must be provided. A teletype or other keyboard device satisfies

this purpose, along with an appropriate interface to the storage system.
Control functions which are desirable but not mandatory (i.e.,

these functions if necessary can be performed by a digital computer subse-

quent to the digitizing operation) include:
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(1)

(2)

(3)

(4)

Establishing an origin is a matter of selecting an origin location, storing

T ——— e e - -

Establishment of a waveform origin with all subsequent

digitized points referenced to the origin location.
Reformatting of data.

Digitizing in a continuous mode with data points
selectively retained based on a constant AX

criteria.

Quality control.

the Z‘ and Z value for this location, and subtracting these values from

the Z, and Zy value for all subsequent data points. This is a feature

X

provided in some commercial digitizers. |If not, it can be accomplished as

a preprocessing step by a digital computer.

Reformatting of data is often necessary to put it into the

required form for use by the digital computer. This reformatting can

often be accomplished by the interface system which interfaces the

digitizer to the storage system. |If not, it can also be accomplished as

a preprocessing step by a digital computer.

Controlling the digitizer to generate constant AX data requires

a fairly sophisticated level of control. The constant AX selection process

can be done subseqient to digitizing by a digital computer, but that means

a large number of data points must be recorded at the time of digiti-

zing with the appropriate constant AX points selected from this large data

set. Depending on the resolution of the digitizer and the speed at which

the operator traces the waveform, the rate at which data must be stored

by the storage system may be beyond its limit. For these reasons, the

selection process is best accomplished in real-time by the digitizer

control system.
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The final optional control function, quality control, basically
amounts to the capability for making various reasonableness checks on the
digitized data to assure that the resulting data set is not in error.
Certain errors can be corrected by subsequent computer processing, but

others that cannot be corrected may render the data set useless.

The approach which the ARES data system has taken to control
its digitizer system is to interface a commercial digitizer system, with
very limited control features, to a mini-computer. The mini-computer,
because of its programmability, is able to provide all optional control
functions for maximum digitizer flexibility.

2.5.3.1 Example Digitizer Systems

Several examples of digitizer systems presently in use
for EMP data reduction or which show promise for future application are
described in this subsection. The examples cover both graphical digitizers
(manual and automatic) and direct digitizers.

™ 11
2.5.3.1.1 The Bendix Datagrid

The Datagrid very closely matches the

graphical digitizer model discussed in Paragraph 2.5.2.3 covering System Opera-

tional Considerations and is the digitizer presently in use at ARES. As
seen in Figure 2-26, the system consists of a digitizing surface (reference
plane), cursor (pointer) with control buttons and a rack-mounted unit con-
taining the analog-to-digital conversion electronics and certain control
functions. In the case of ARES, the digital outputs from the conversion
unit are fed to a mini-computer which completes the necessary control

requirements.
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The detailed operating principles for the
Datagrid are kept proprietary by Bendix. However, in general, the reference
plane contains two large printed circuit boards located just under the
working surface. Each printed circuit board is etched to form a series of
closely spaced parallel wires. One of the two boards is used for x-coor-
dinate data and the other for y-coordinate data so the parailel wires

of one board run orthogonal to the wires on the other.

The wires on each board are electrically
driven so that unique amplitude and phase information is emitted by the
wire network at each point on the working surface. The cursor acts as a
receiver or pick-up for this emitted information. Once picked up, the
amplitude and phase information is decoded into two voltages (or currents)
proportional to the cursor location on the working surface. These two
analog voltages (or currents) are then converted to two 16-bit digital

words (Z and Z ).
X Yy

The Datagrid is available with various
working area (reference planes) sizes ranging from 30 by 36 inches to
42 by 60 inches. Resolution is given as 0.001 inch, with an accuracy
of 0.005-inch. As an interesting side note, one can see the requirement
for a 16-bit digital output word by considering the largest work area size
of 60 inches and the resolution of 0.001 inch. The number of uniquely
definable locations along the 60-inch axis is 60 by 103, A digital word

of length 16 has 2|6
3

or ~ 64 x }03 unique states. A word of length 15 has
only ~ 32 x 107 unique states. Thus 16 bits are required.

There are numerous control options avail-
able for the Datagrid which include interfaces to several storage devices
(card punch, paper tape punch, and magnetic tape), zero set (establish
origin), and continuous curve tracing with constant AX output. In the
case of ARES, the decision was made to interface the Datagrid to a NOVA
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1200 mini-computer, allowing the NOVA 1200 to provide the necessary control

functions. The control software written for the NOVA 1200 includes:

(1) Accept digitizer outputs, format
for compatibility with CDC 6600
data reduction codes, and write
onto digital magnetic tape in a
CDC 6600 readable format.

(2) Accept identification label via
the teletype and append to digi-

tized data set.

(3) Implement constant AX algorithm

for continuous waveform tracing.

(4) Automatically check for time
regression (i.e., Z, must be
greater than in-').'

Besid2s the control functions provided by
the MOVA 1200, the Datagrid through cursor push-buttons can establish an
origin anywhere on the digitizing surface, initiate a conversion, indicate

/ the completion of a digitizing sequence, and delete an incorrect data

point.

12
2,.5.3.1.2 The Universal Telereader

The Telecomputing Corporation Universal
Telereader (Type 17A-1) is a manually operated film reader capable of
digitizing hard copy material such as Polaroid photographs. Measurement

i of waveform coordinates is accomplished by positioning a horizontal and a
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vertical cross hair to be coincident at the coordinate. To assist the
operator and to achieve better resolution, the pattern heing digitized is
projected onto a frosted glass screen with an enlargencint of 2.15X using
a 65 mm lens system or 3.45X using a 38 mm lens system. The system has a
resolution of 0.0006 inch using the 65 mm lens system and 0.00035 using

the 35 mm lens system.

The operator positions the cross hairs
with two independent control knobs, one for the horizontal cross hair and
one for the vertical cross hair. The angular position of these knobs is

sensed and converted to appropriate digital outputs.

A telereader is presently in use at the
AFWL Computational Services Division, Photo Reduction Section. This parti-
cular system is interfaced to a card punch as the method for storing out-
put data.

13
2.5.3.1.3 The Telereadex K

e

The Data Instruments Telereadex (Model ]
29E-17) is a manually operated film reader designed to digitize graphical
patterns recorded on microfilm (see Figure 2-27). Images from the micro-
film are projected onto a 28 by 28 working surface using a lens/mirror

system. Various lens sizes (50 mm, 105 mm, 190 mm, and 360 mm) are avail-

PR

able for varying amounts of Image enlargement. Digitizing is achieved by
positioning a set of cross hairs over the point of interest on the working
surface and actuating the digitizer. Positioning is accomplished by two

independent control knokts, one for the horizontal cross hair and the other

for the vertical cross hair.

The system has a resolution of 0.0028 inch

on the working surface. This translates into a resolution of 0.0016 mm for
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the 50 mm lens system at the microfilm plane, 0.0037 mm for the 105 mm

lens system, etc.

The Telereadex is presently in use at the
AFWL Computational Services Division, Photo Reduction Section. This parti-
cular system is interfaced to both a digital magnetic tape system and a

card punch system as storage devices for output data.

1y
2,5.3.1.4 The Hewlett-Packard 9864 Digitizer

The Hewlett-Packard 9864 Digitizer is a
manual digitizer system consisting of a digitizer and an HP 9810, 9820, or
9830 calculator. The digitizer is supplied by Bendix to Hewlett-Packard,
and therefore, has the same operating principles as the Bendix Datagrid
digitizer described in Paragraph 2.5.3.1. The HP 9820 calculator gives a
very versatile digitizer system since a number of fairly sophisticated

algorithms car be implemented to exercise the digitized data.

The working area of the digitizer is 17 by
17 inches. |Its resolution is given as 0.0l inch, with an accuracy

t 0.001 inch in the temperature range of 15°C to 30°C.

The AFWL Vertically Polarized Dipole Data
System presently uses an HP 9864 digitizer system for Polaroid photograph
transient EMP data reduction. The system consists of the digitizer, cal-
culator, plotter, and cassette tape drive. The system is capable of imple-
menting a linear Fourier transform algorithm as part of its data reduction
capability. Since the digitizer comes from Hewlett-Packard as a system,
all software required to make maximum use of the system as a graphical
digitizer is included as part of the package. Note also that additional
peripheral devices can be interfaced to the HP 9864 such as a teletype or
paper tape punch, so that data can be transferred to another computer

system.
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15
2.5.3.1.5 The Automatic Image Digitizer

The Automatic Image Digitizer is a highly
sophisticated semiautomatic graphical digitizer system operated by the
AFWL Computational Services Division, Photo Reduction Section (see Figure
2-28). The hard copy medium for the system is microfilm. As seen in
Figure 2-28, the system uses a complex light scanning scheme to measure

microfilm grey level or density.

The system basically consists of a pro-
grammable light source for scanning the film, a density measuring system,
a film transport system, and signal processor and logic unit. The signal
processor/logic unit consists of a PDP-7 digital computer, a graphic CRT

display, teletype, and digital magnetic tape drives.

The system is interactive in that the
operator can manually digitize selected portions of the waveform via the
CRT display terminal. The operator can also edit portions of a digitized
data act via the CRT display terminal. In the automatic scan mode, the
system can digitize a complete waveform in approximately 30 seconds.
Depending on the amount of manual operator interaction, a typical good
quality EMP transient waveform takes from one to four minutes to digitize.

16
2.5.3.1.6 The Sandia Image Digitizer

The Sandia Image Digitizer (SID) is a semi-
automatic graphic digitizer developed by Sandia Corporation for the purpose
of digitizing black and white graphic pictures (see Figure 2-29), The system
is built around a television camera which scans the black and white image
and converts the camera output to digital information proportional to the
black/white scale of the scanned image (i.e., the system discriminates only

two grey levels, either black or white).
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Regardless of picture size, all pictures
are laid out in a 500 by 500 point matrix if the aspect ratio is 1:1. Thus,
system resolution is a function of picture size. The digitizing speed
ranges from 66 to 133 milliseconds depending on picture complexity. There
is a TV monitor associated with the system which is used in setting up the
picture for digitizing (i.e., defining boundaries). The total digitizing

time per picture is then the sum of the setup time and automatic scan time.

The control system for the digitizer is a
PDP-8 mini-computer. The computer allows considerable flexibility in
exercising the digitized data with additional data reduction or analysis
software algorithms.

17
2.5.3.1.7 Biomation Mode! 8100 Transient Reccrder

The Mode! 8100 Transient Recorder is a
direct analog-to-digital converter system. Thus, test data are digitized
in real-time. The system sampling rate is variable from one sample every
10 seconds to one sample every 10 nanoseconds. At the high sampling rate,

the system is claimed to have a frequency response of dc to 25 MHz.

The amplitude resolution is 1/256 of full
scale input voltage, (i.e., an 8-bit digitial output word is used). Total
storage capacity for digital output is 2000 words. At maximum sampling

rate, this corresponds to total data taking duration of 20 usec.

The direct digitizing technique has the
distinct advantage of operating directly on the probe voltage, thus elimi-
nating the intermediate storage of data on Polaroid photographs and the
associated data quality problems. At present, the major disadvantage is the
sampling rate. [t is ger<.ally accepted that recorded transient EMP data
should be recorded up to 100 MHz or greater. This would imply sampling

intervals of 5 nanoseconds or less.
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2.5.4 Computer Subsystem

2.5.4.1 Computer Requirements

In the discussions on processing cycles, a computer was

indicated as being used in:

(1) Adding a new characterization data set to a

master data tape.

(2) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>